EXTRACTION CLEANING WITH OPTIMAL CLEANING SPEED 



CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation-in-part of U.S. patent application serial 
number 09/593,126, filed June 13, 2000. 

Background of the Invention 

Field of the Invention 

[0002] This invention relates to an extraction cleaning machine and, more 
particularly, to an upright extraction cleaning machine. In another of its aspects, the 
invention relates to an upright extraction cleaning machine with a speed sensor which 
detects the speed that the base housing of the cleaning machine is moving, whether by 
propulsion or by manual movement. In an additional aspect, the invention relates to a 
method for optimally removing dirt Jfrom a floor surface by operating the extraction 
cleaning machine at an optimal speed. 

Description of the Related Art 

[0003] Upright extraction cleaning machines have been used for removing dirt from 
surfaces such as carpeting, upholstery, drapes and the lilce. The known extraction 
cleaning machines can be in the form of a canister-type imit as disclosed in U.S. Patent 
No. 5,237,720 or an upright unit as disclosed in U.S. Patent No. 5,867,861. 
[0004] Either type of unit contains a suction nozzle for withdrawing a typical mixtore 
of applied cleaning solution, water and dirt embedded or contained on a floor surface and 
a fluid delivery system for depositing a mixture of cleaning solution on the floor surface. 
It has been found that the speed at which the suction nozzle and/or fluid is applied to the 
surface can have a significant effect on the cleaning machine's ability to effectively clean 
a floor surface. 

[0005] Moving the extraction head too quickly over a floor surface can prevent the 
extraction head from withdrawing an insufficient amount of dirt, thus leaving the floor 
surface with an undesirable amount of retained dirt and/or a water/cleaning solution 
mixture - thus, the carpet would be either dirtier than desired or left with a high 



accumulation of water/cleaning solution embedded therein and would require an 

extended period of drying time. 

[0006] Moving the extraction head too slowly over a floor surface, while extracting 
virtually the same amount of water from the floor surface being cleaned, can simply 
5 result in the user taking an undesirably long period of time to perform the extraction 
process. 

[0007] Thus, it can be seen that the degree of cleaning of an extraction cleaning 
machine depends on a number of factors, including the speed of the machine along the 
surface to be cleaned, the relative amounts of cleaning solution and water, the amount of 
10 soil in the carpet or surface, the amount of suction applied to remove the dirty fluid from 
V the carpet or other surface and the temperature of the cleaning fluid. The speed that the 

03 extractor head is passed along a floor surface typically depends on the operator. Thus, 

O the rate of cleaning will likely vary by operator and, hence, the perceived effectiveness of 

the extraction cleaning machine. 

F 15 

Summary of the Invention 
y [0008] The invention relates to speed-sensing system adapted to a deep cleaner. The 

speed sensing system comprises a magnetic pick-up sensor located on at least one of the 
wheels of the upright deep cleaner, a printed circuit board comprising the necessary 
20 computer logic to process signals received from the magnetic sensor, a plurality of light 
emitting diodes (LED) which illuminate upon a signal from the printed circuit board, a 
housing to enclose the printed circuit board, and associated wiring harnesses to 
electrically connect the sensor, the printed circuit board, and the light emitting diodes. In 
operation, the magnetic sensor senses the rate of rotation of the wheel on the upright deep 
25 cleaner. The printed circuit board synthesizes the inputs from the sensor and selectively 
lights the appropriate number of LEDs. The system is configured such that as the 
rotational speed of the upright deep cleaner wheel increases, additional LEDs are lit. The 
advantage of the speed sensing system is that optimum deep cleaning is achieved when 
the deep cleaner is moved along the surface at a certain predetermined speed. The speed 
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sensor described herein provides a visual indication to the user that the upright deep 
cleaner is moving across the carpet at a rate that will achieve optimum cleaning 
performance. In an alternate embodiment, the visual indicating hghts may be replaced by 
an audible indication to the user. 

[0009] In one aspect, the invention relates to an extraction surface cleaning apparatus 
having a housing, at least two wheels mounted to the housing for supporting the housing 
for movement along a surface to be cleaned, and a liquid dispensing system mounted to 
the housing. The Uquid dispensing system can include a hquid dispensing nozzle for 
applying liquid to a surface to be cleaned, a fluid supply chamber for holding a supply of 
cleaning fluid, and a fluid supply conduit fluidly connected to the fluid supply chamber 
and to the dispensing nozzle for supplying Uquid to the dispensing nozzle. A fluid 
recovery system is mounted to the housing and includes a recovery chamber for holding 
recovered fluid, a suction nozzle, a working air conduit extending between the recovery 
chamber and the suction nozzle, and a vacuum source in fluid communication with the 
recovery chamber for generating a flow of working air from the suction nozzle through 
the working air conduit and through the recovery chamber. Dirty liquid is thereby drawn 
from the surface to be cleaned through the suction nozzle and the working air conduit, 
and into the recovery chamber. An improvement to the art of extraction cleaners 
comprises a detector for sensing the speed of the housing across the surface being cleaned 
and for generating a speed signal representative thereof, and an output device mounted on 
the housing and coupled to the detector for displaying or audibly expressing the relative 
speed of the housing across the floor bemg cleaned. 

[0010] In another aspect, the invention relates to an exfraction surface cleaning 
apparatus having an exfraction housing including a suction nozzle adapted to be moved 
along a floor surface to be cleaned, a handle mounted to tiie exfraction housing for 
grasping by a user and propelling the extraction housing over the floor surface, and a 
cleaning fluid delivery system interconnected with the exfraction housing and movable 
therewith to apply a cleaning solution to the floor surface. A fluid recovery system is 
intercoimected with the extraction housing to recover soiled cleaning solution from the 
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floor surfa'^e. A detector is mounted to the extraction housing for detecting the relative 
speed of the extraction housing relative to the floor surface and for generating a signal 
representative of the detected speed. An output device is operably interconnected with 
the detector, and is adapted to receive the signal generated by the detector and to indicate 
5 to a user the detected relative speed of the extraction housing. 

[0011] In various embodiments of the invention, the detector can be aligned with and 
adjacent to one of the at least two wheels adapted to detect the rotational motion of the 
one of the at least two wheels without physically contacting the wheel. The detector can 
p comprise a first disk portion mounted to the one of the at least two wheels for rotation 

1 0 therewith, and a second pick-up portion fixedly mounted to the housing aligned with and 
adjacent to the first disk portion adapted to generate a signal representative of the rotation 
^ of the first disk portion. The first disk portion can have alternating opposite-polarity 

^ magnetic segments thereon md the second pick-up portion is adapted to detect the 

rotational speed of the first disk portion by detecting changes in the magnetic polarity of 
15 a particular segment of the first disk portion located adjacent to the second pick-up 

portion. The output device can comprise a converter interconnected with the detector and 
adapted to change the speed signal fi-om the detector into a visual indicator of the speed 
of the housing across the floor. The visual indicator can comprise at least one Hght- 
emitting diode that emits light representative of the speed signal received fi:-om the 
20 detector. The at least one Hght-emitting diode can comprise a series of light-emitting 
diodes wherein output device illuminates a particular number of the series of light- 
emitting diodes proportional to the speed signal received from the detector. 
[0012] The indicator can be mounted to the handle, the base or preferably any other 
line of sight of a user between a position behind the handle and the extraction housing. 
25 The handle can be pivotally mounted to the extraction head. The fluid deUvery and fluid 
recovery systems can be carried on the extraction housing. 
[0013] In a fiirther aspect, the invention relates to a method of cleaning a floor 
surface with an extraction cleaner comprising the steps of: moving the extraction cleaner 
across the floor surface; depositing a cleaning solution from the extraction cleaner on the 
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floor surface; recovering soiled cleaning solution from the floor surface with the 
extraction cleaner; detecting the relative speed of the extraction cleaner with respect to 
the floor surface; and communicating to a user the detected relative speed of the 
extraction cleaner. 

5 [0014] The commimicating step can fixrther comprise generating a visual signal. The 
communicating step can comprise generating an audible signal The conmiunicating step 
can further comprise generating a speed signal representative of said detected speed and 
converting the speed signal to an audible or visual signal that is readable and 
understandable by a user operating the extraction cleaner. The method can also further 
1 0 comprise the step of generating a predetermined reference signal and comparing the 
reference signal to the speed signal. The method can also further comprise the step of 
alerting a user if the difference between the reference signal and the speed signal exceeds 
a predetermined threshold. 

1 5 Brief Description of the Drawings 

[0015] The invention will now be described with reference to the drawings wherein: 
[0016] FIG. 1 is a perspective view of a deep cleaning extraction cleaner, of the 
upright type, incorporating a speed sensor operably intercoimected with wheels attached 
to a base portion of the extraction cleaner according to the invention. 

20 [001 7] FIG. 2 is an exploded, perspective view of a portion of the deep cleaning 
machine shown in FIG. 1 showing in detail the components making up the speed sensor 
operably interconnected with the wheels, including a keyed magnetic disk attached to one 
of the wheels, a magnetic pick-up device aligned with the keyed magnetic disk and 
intercoimected with circuit components which provide an audio and/or visual indication 

25 to user of the speed at which an extraction head of the extraction cleaner is being 
propelled. 

[0018] FIG. 3 is a perspective view showing the keyed magnetic disk of FIG. 2 in 
greater detail. 
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[0019] FIG. 4 is a perspective view showing one of the wheels of FIGS. 1-2 with 
particular attention paid to an interior surface of the wheel 

[0020] FIG. 5 is a perspective view showing the magnetic piclc-up device of FIG. 2 in 
greater detail 

5 [0021] FIG. 6 is a top plan view showing an example of circuit componentry suitable 
for receiving a speed signal from the magnetic pick-up device of FIG, 5 and converting 
that signal into a signal receivable and understandable by a user. 

[0022] FIG. 7 is a top plan view showing an example of a faceplate for a visual speed 
indicator which indicates by a series of progressively illuminating hght emitting diodes 
1 0 (LEDs) which is adapted to aUgn with the circuit componentry of FIG. 6 whereby, as the 
speed at which the extraction cleaner is propelled across a floor surface increases, a larger 
number of the LEDs is illuminated representative of the propelled speed of the extraction 
^ cleaner 

O [0023] FIG. 8 is an exploded perspective view showing the magnetic pick-up device 

[7 15 of FIG. 5 interconnected with the circuit componentry of FIG. 6 and aligned with the 

r - faceplate of FIG. 7 in showing the alignment and positioning of these components with 

ij respect to a housing for these components which is adapted to be mounted to the 

extraction cleaner as shown and FIG, 1, or in any suitable location preferably visually 
aligned with the sight path of a user of the extraction cleaner. 
20 [0024] FIG. 9 is a fragmentary, cross-sectional view taken along lines 9-9 of FIG. 1 
showing the moxmting of the keyed magnetic disk to one of the wheels of the extraction 
cleaner and the positioning of the magnetic pick-up device with the keyed magnetic disk 
and the subsequent interconnection of the magnetic pick-up device with the circuit 
componentry of that rotation of the wheel of the extraction cleaner is converted into a 
25 signal receivable and xmderstandable by a user by viewing the LEDs on the speed 
indication housing. 

[0025] FIGS. 10-12 are side elevational views showing the use of the extraction 
cleaner of FIG. 1 whereby the extraction cleaner is being propelled at an undesirably 
slow speed (FIG. 10), an optimal cleaning speed (FIG. 11), and an undesirably fast speed 
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(FIG. 12) and the faceplate and associated LEDs are also shown in each of these figures 
in an enlarged inset detailing the increase in the number of illuminated LEDs as the speed 
increases from FIG. 10 to FIG. 1 1 to FIG. 12. 

Description of the Preferred Embodimeots 
5 [0026] The extraction cleaning machine according to the invention can be of any 
known type of extraction cleaning machine including, but not limited to those disclosed 
in U,S. Patents No. 6,167,587 and 5,937,475, both of which are incorporated herein by 
reference. A preferred embodiment of the extraction cleaning machine is shown in U.S. 
y Patent Application Serial No. 09/593,126, filed June 13, 2000, which is also specifically 

£ 10 incorporated herein by reference. 

S [0027] It will be also understood that, although an upright extraction cleaning 

machine is shown throughout, the invention is equally applicable to other types of 

s extraction cleaning machines, including canister-type machines, and the type of cleaning 

''T. machine shown herein shall not be construed as limiting on the invention. 

1 5 [0028] Turmng now to the drawings and to FIG. 1 in particular, an example of an 

3 extraction cleaner 10 is shown, of the upright-type by example, comprising an elongated 

handle 12 pivotally interconnected to a base 14 having an extraction head 1 6. The handle 
12 can carry various accessory components and convenience features such as a hose 
nozzle 1 8 and a hose mount rack 20 shown by example in FIG. 1 . The basic operation of 
20 the extraction head 16 to remove dirt from a floor surface using a suction source and a 
recovery tank is well known and need not be described herein to be understood by one 
skilled in the art. The extraction cleaner 10 also includes a pair of wheels 22 (of which 
only one wheel 22 is shown in the orientation of FIG. 1 but that the other wheel is 
oppositely positioned with respect to the shown wheel 22) rotatably moimted to the 
25 extraction cleaner 10 in a floor-engaging position. The particular mounting of the wheels 
22 to the handle 12 and/or the base 14 shall not be construed as limiting on this invention, 
but rather, the wheels 22 need only be mounted to the extraction cleaner 10 so that the 
extraction head 16 can be conveniently passed over the floor surface desired to be 
cleaned. 



-7- 



[0029] In accordance with the invention, a speed indicator 24 is mounted to the 
extraction cleaner 10, such as on a front surface of the handle 12, preferably in alignment 
with and ergonomic visual sight path of a user of the extraction cleaner 10. For example, 
in the configuration shown in FIG, 1, the speed indicator 24 is mounted on the front 
5 surface of the handle 12 which, when the handle 12 is pivoted downwardly to a generally 
angular use position by the user, the speed indicator 24 is easily viewed by a user, who 
typically will be observing the point at which the extraction head 16 is interfacing with 
the floor surface being cleaned. 

[0030] The components maldng up the speed indicator 24 are shown in greater detail 
10 in FIG. 2 and include a Iceyed magnetic disk 26, a magnetic pick-up device 28, circuit 
componentry 30 containing necessary computer logic to process signals received from 
the magnetic pick-up device 28, a speed indicator housing 32, and a faceplate 34 therefor. 
^ The circuit componentry 30 preferably includes a plurality of light-emitting diodes 

O (LEDs) which illuminate when a voltage signal is appUed from the printed circuit board. 

1^^^ 15 While the components of the speed indicator 24 are shown herein as configured to 

^ provide the visual indication of the speed of the extraction cleaner 10, it is also within the 

ny scope of the invention to configure the components of the circuit componentry 30 to 

provide an audible indication of such speed, 

[0031] The keyed magnetic disk 26 is shown in greater detail in FIG. 3 and comprises 
20 a generally disk-shaped body charged magnetically therearound and alternating pie- 
shaped segments of opposite polarity, such as the north and south segments 36 and 38 
shown in FIG. 3. It has been found that a magnetic field strength of each segment 36 and 
38 is preferably greater than 25 gauss at the surface of the magnetic disk 26. For optimum 
performance, testing indicates that a field strength of 50 gauss at 0.200 inches from each 
25 surface of the magnetic disk 26 is preferred. 

[0032] The disk 26 also includes a central opening 40, preferably generally circular in 
configuration, having at least one, and preferably two, discontinuous keyed portions 42. 
The central opening 40 and its associated keyed portions 42 are adapted to be inserted 
and retained on a correspondingly-configured axle 44 preferably extending inwardly from 
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an interior surface of a wheel 22 as shown in FIG. 4. The axle 44 of the wheel 22, as can 
be seen in FIG. 4, preferably has an outer periphery dimensioned to receive the central 
opening 40 of the keyed magnetic disk 26 so that, when the wheel 22 rotates when rolled 
over a floor surface to be cleaned, the keyed magnetic disk 26 rotates therewith. 
5 [0033] Referring to FIG. 5, the magnetic pick-up device 28 is shown in greater detail 
comprising a reed switch 46 at one end thereof interconnected to a terminated connector 
48 by a suitable conduit, such as wiring 50. The reed switch 46 is configured to close 
when immersed in a uniform magnetic field. Preferably, a minimum field strength to 
p-i close the reed switch 46 is approximately 10 gauss. For optimum performance, testing 

^ 10 indicates that a preferable field strength of 15,8 gauss is required. For application with the 
45 extraction cleaner 10 described herein, any of the many known switching and pick-up 

devices can be employed without departing from the scope of this invention. By way of 
example only, one appropriate reed switch 46 among the many available can be ALF 
Part. No. HYR-1532 or Gentech Part No. GR21 and can be preferably specified to 
15 operate at 250V DC with a maximum switching voltage of 200V DC, a contact rating of 
low, and a maximum switching current of 0.5 A. 

[0034] Referring to FIGS. 6-8, the circuit componentry 30 can comprise a bare non- 
conductive circuit board 50 with associated conductive signal tracks. While the particular 
components employed to generate an indication of the speed at which the extraction 
20 cleaner 10 is propelled are not critical to the invention as many configurations of 

particular componentry 30 can be employed within the scope of this invention. In the 
example shown in the drawings, a first side of the circuit board 50 includes a transformer 
52 with first and second input electrical leads 54 and 56 for ground and power input, 
respectively, a bridge 58, a computer chip 60, one or more capacitors 62, a resonator 64, 
25 a zener diode 66, and a two pin connector 68. A second side of the circuit board 50 
comprises a plurality of light emitting diodes (LEDs) 68-80 formed a serial aUgnment 
and connected to the computer chip 60. These commonly-known electrical components 
are configured to process inputs firom the reed switch 46 and illuminate a predetermined 
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number of the LEDs 68-80 simultaneously, depending on the frequency of the input 
signals received from the magnetic pick-up device as will be described. 
[0035] In the preferred embodiment, the LEDs 68-80 will preferably illuminate at the 
following speed ranges: 



LED 


REFERENCE NUMERAL 


SPEED RANGE (in/sec) 


#1 


68 


0.1 to 4 


#2 


70 


4 to 8 


#3 


72 


8 to 12 


#4 


74 


12 to 16 


#5 


76 


16 to 20 


#6 


78 


20 to 24 


#7 


80 


24 and higher 



"j! [0036] The housing 32 and the faceplate 34 for the speed indicator 24 are shown and 

CO greater detail in FIG. 8. The housing 32 is essentially designed to be mounted to the 

n extraction cleaner 10, preferably on the handle 12, for providing an aesthetically-pleasing 

"L, interface for the speed indicator 24 to a user of the extraction cleaner 10. In general, the 

1==^ 1 0 housing 32 comprises a generally inverted U-shaped shell 82 having a rear wall 84 and 

leading walls 86 adapted to be attractively mounted onto the front surface of the handle 
^rf 12. An upward- facing surface 88 of the shell 82 includes a series of apertures 90 

arranged in spacing and ahgnment with the spacing and alignment of the LEDs 68-80 on 

the circuit board 50. The faceplate 34 also has a series of apertures 92 similarly arranged 
15 in spacing and alignment with the spacing and ahgnment of the LEDs 68-80 on the 

circuit board 50, 

[0037] In assembly, as shown in FIGS. 1-2 and 8-9, the central opening 40 of the 
keyed magnetic disk 26 is inserted onto the shaft 44 of one of the wheels 22 of the 
extraction cleaner 10 so that the keyed magnetic disk 26 rotates directly with the wheel 

20 22 as a result of the engagement of the discontinuous protrusion 42 of the central opening 
40 of the keyed magnetic disk 26 with the similar protrusion on the central shaft 44 of the 
wheel 22. The reed switch 46 is preferably mounted within the extraction cleaner 10 to 
be adjacent to and aligned with the keyed magnetic disk 26 as shown in FIG. 9. 
Preferably, the reed switch 46 is fixed in a location no further away than 0.200 inches 

25 from the magnetic disk 26. The wiring 50 of the magnetic pick-up device 28 is extended 
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through the extraction cleaner 10 and interconnected to the suitable connector 68 on the 
circuit board 50 of the circuit componentry 30. 

[0038] The circuit componentry 30 is preferably mounted within the shell 82 of the 
housing 32 by conventional fasteners, such as resihent detent clips mounted within 
5 corresponding openings in either the circuit componentry 30 or the housing 32. As 

further shown in FIG. 9, the faceplate 34 is mounted to the surface 88 of the shell 32 in a 
manner that the apertures 92 of the faceplate 34, the apertures 90 of the shell 32 and the 
LEDs 68-80 of the circuit board 50 are each normally aligned with one another so that 
illumination emitted from the LEDs upon a suitable signal from the circuit componentry 

10 30 is visible through the aligned apertures 90 and 92. The ground and power lead 54 and 
56 extending from the circuit board 50 are preferably interconnected wilh an incoming 
line power supply (not shown) typically provided with the types of extraction cleaners 10. 
[0039] A front face of the faceplate 34 can be provided with indicia which provides 
the user with information regarding the speed at which the extraction head 16 is traveling 

1 5 across the floor surface being cleaned. 

[0040] While the invention has been described with reference to the housing 32 
located on the front surface of the handle 12 such that the indicia on the faceplate 34 is in 
direct view of the user during use, other locations that preferably provide a direct line of 
sight between the user and the faceplate indicia are available elsewhere on either the 

20 handle or the base are within the scope of this invention. For example, the housing 32 
for the indicator 24 could be located on the base 14, such as on an upper surface of the 
extraction head 16. 

[0041] In operation, the wheels 22 rotate as the user moves the extraction cleaner 10 
forward and backwards across the floor surface being cleaned. The magnetic disk 26 in 
25 one of the wheels 22 rotates along with the wheel 22, passing the alternating, opposite- 
polarity segments 36 and 38 of disk 28 directly adjacent to the reed switch 46. In 
accordance with the typical operation of a reed switch as is well known in the art, the 
reed switch 46 opens and closes according to the strength of the field encountered. The 
field strength of each segment 36, 38 of the magnetic disk 26 is strongest in the center of 
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each segment and is weakest at a border transition between the opposing polarities. The 
frequency at which the reed switch 46 opens and closes is processed by the componentry 
30 on printed circuit board 50. 

[0042] The LEDs 68-80 are illuminated in ascending fashion by the computer chip 
5 60, based on programmed criteria and in response to the input signal from the reed switch 
46. The programmed criteria, in the preferred embodiment, provides guidance to the user 
that corresponds to an optimal speed of movement of the deep cleaner for effective 
cleaning as is described further with respect to FIGS, 10-12. As can be appreciated, the 
visual LEDs 68-80 can be replaced with an audible output to indicate speed to the user. 
10 [0043] The programmed criteria, as mentioned above, can be as simple as a 

predetermined input speed signal which is compared to the speed signal received from 
the magnetic pick-up device 28 or a more complicated algorithm which factors in the 
quality of the water extracted from the floor surface being cleaned, the speed signal 
received from the magnetic pick-up device, and other environmental factors such as 
15 temperature of the water being apphed, the type of floor surface being cleaned, and the 
Hke. 

O 

flJ [0044] FIGS. 10-12 illustrate the output of the speed indicator 24 during use of the 

extraction cleaner 10, Preferably, the extraction cleaner 10 will be moved at a linear 
speed that is optimally selected for the most efficient withdrawal of dirt and appUed 

20 water/cleaning solution from the floor surface being cleaned. The situation is shown in 
FIG. 1 1 with medium-sized arrows showing the optimal linear speed and the 
corresponding output shown on the faceplate 34 of the speed indicator 24 whereby 
approximately half of the LEDs are illuminated. Preferably, the LEDs can be colored so 
that a user can easily discem whether the extraction cleaner 10 is being moved at an 

25 optimal speed. Less desirable speed for the extraction cleaner 10 are shown in FIGS. 10 
and 12 whereby the arrows are shorter and longer, respectively, indicating undesirable 
slower and faster Unear speed for the extraction cleaner 10. Further, FIGS, 10 and 12 
show less and more of the LEDs being illuminated on the faceplate 34 of the speed 
indicator 24 thereby indicating to the user that the extraction cleaner 10 should be sped 
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up or slowed down accordingly. Alternatively, the LEDs 68-80 can be illuminated in 
succession, where only a single LED (68-80) provides indication to a user of the speed of 
the extraction cleaner 10. 

[0045] It will be understood that a direct-drive motor can be operably interconnected 
5 with the base with a speed controller interconnected thereto, for operating the extraction 
cleaner 10 at an optimal linear speed. 

[0046] In any of the embodiments described herein, the speed indicator 24 for the 
extraction cleaner 10 provides substantial benefits over prior art extraction cleaners by 
indicating to a user the appropriate speed by which to propel the extraction cleaner 10 to 
1 0 optimally clean the floor surface. 

[0047] While the invention has been specifically described in connection with certain 
specific embodiments thereof, it is to be understood that this is by way of illustration and 
not of limitation, and the scope of the appended claims should be construed as broadly as 
the prior art will permit. 
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